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Failure of changes in intracapillary pressures to alter proximal
fluid reabsorption
NORMAN BANK and HAGOP S. AYNEDJIAN
Renal, Electrolyte and Hypertension Division, Department of Medicine, Montefiore Medical Center
and Albert Einstein College of Medicine, Bronx, New York
Failure of changes in intracapillary pressures to alter proximal fluid
reabsorption. To determine the role that peritubular capillary oncotic
and hydraulic pressures play in regulating urinary sodium excretion in
the euvolemic state, experiments were carried out in rats under con-
ditions which altered these pressures without volume expanding the
animal. In cross-circulation experiments, the donor rat was expanded
with plasma or Ringer's solution while the recipient rat remained euvo-
lemic. Micropuncture measurements in the euvolemic recipients dem-
onstrated significant increases in efferent plasma flow rate (QFA), cap-
illary hydraulic pressure (Pa), and decreases in mean capillary oncotic
pressure (). There were no changes in nephron GFR (SNGFR), ab-
solute proximal reabsorption (APR), or UNaV. In additional studies,
peritubular oncotic pressure was lowered markedly by plasmapheresis
of the experimental animal. Large decreases in . were produced with-
out any change occurring in SNGFR, APR, or UN,V. Measurements
of interstitial hydraulic pressure (P,) with a subcapsular pressure pipet
revealed that P was unaltered under all of these conditions but rose
markedly in rats undergoing a saline-expansion diuresis. Our findings
indicate that APR and UNV can remain constant despite large changesin , PC, and QEA in nonexpanded animals. Furthermore, the changesin , P, and QEA induced in the euvolemic non-diuretic rats were the
same as those in the saline-expanded diuretic rats. We conclude that
under euvolemic experimental conditions, urinary sodium excretion
and APR do not correlate with intracapillary pressures or flow rates in
the renal cortex. The only difference found between the nondiuretic
and diuretic rats was a rise in P1 in the latter group.
Impossibilité pour des modifications des pressions intracapillaires
d'altérer Ia reabsorption proximale de liquides. Afin de determiner le
role joué par les pressions oncotiques et hydrauliques capillaires
peritubulaires dans Ia regulation de l'excrétion sodee urinaire en
normovolémie des experiences ont ete effectuees chez des rats dans
des conditions modifiant ces pressions sans expansion voleinique de
l'animal. Dans des experiences de circulation croisee, le rat donneur
etait mis en expansion avec du plasma ou de Ia solution de Ringer, tan-
dis que le rat receveur restait normovolémique. Des mesures par mi-
croponction chez les receveurs normovolemiques ont démontré des
elevations significatives du debit plasmatique efférent (QEA) etde Ia pres-
sion hydraulique capillaire (Pr), et des diminutions de Ia pression on-
cotique capillaire moyenne (3). II n'y avait pas de modifications de
GFR nephronique (SNGFR), de Ia reabsorption proximale absolue ni
de UNaV. Dans des etudes supplementaires, la pression oncotique
péritubulaire a ete abaissee de facon marquee par une plasmapherése
de l'animal experimental. Des diminutions importantes de se sont
produites sans changement de SNGFR, APR, ou UNaV. Des mesures
de Ia pression hydraulique interstitielle (P,) avec une pipette pour pres-
sion sous capsulaire ont révClC que P, etait inchangee dans toutes ces
situations mais s'elevait beaucoup chez des rats en diurèse par expan-
sion saline. Nos rCsultats indiquent qu'APR et UNaV peuvent de-
meurer constants malgré de grandes modifications de , P, et QEA in-
duites chez des rats sans expansion. De plus, les modifications de ,
P, et QEA induites chez des rats normovolemiques non diuretiques
etaient identiques 0 celles de rats diuretiques par expansion saline.
Nous concluons que dans des conditions experimentales normovolC-
miques, l'excrétion sodée urinaire et APR ne sont pas corrélées aux pres-
sions ou aux debits intracapillaires dans le cortex renal. La seule
difference trouvée entre les rats diurétiques ou non etait une elevation
de P, chez les premiers.
The role that peritubular Starling forces play in regulating
fluid reabsorption by the proximal tubule and presumably uri-
nary sodium excretion is controversial [1]. A large body of evi-
dence, obtained mainly in volume expansion studies, supports
the view that the net driving force across the peritubular cap-
illaries (Mr — AP) regulates the rate of capillary fluid uptake,
and that this uptake is a major factor which determines net
transport [2—131. A number of other studies [14—20], however,
have not found a consistent correlation between absolute
proximal reabsorption (APR) and various peritubular Starling
forces. Much less information is available concerning the cor-
relation between intracapillary physical forces on the one hand
and APR and urinary sodium excretion (UNaV) on the other un-
der euvolemic conditions.
The present experiments were designed to examine the re-
lationship between peritubular capillary oncotic and hydraulic
pressures and urinary sodium excretion in euvolemic rats. Mi-
cropuncture experiments were carried out with cross-circu-
lated pairs of rats, or plasmapheresed rats. Large changes in
peritubular intracapillary pressures were produced without vol-
ume expanding the experimental animal. We found that large
decreases in mean capillary oncotic pressure (), increases in
capillary hydraulic pressure (Pa), and changes in capillary flow
rate (QEA) can be induced during euvolemia without any sig-
nificant change in either APR or urinary sodium excretion
(UNaV). In additional experiments in which saline-expanded
rats were studied during cross-circulation, closely comparable
changes in intracapillary pressures and flows occurred in the
expanded and euvolemic animals. However, only the ex-
panded rats underwent a natriuresis. Interstitial pressure (P1)
rose in the expanded rats but not in the euvolemic animals.
Thus, changes in , P, and QEA did not correlate with either
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APR OF UNaV. The only difference found between the natriur-
etic and non-natriuretic animals was a rise in P, in the former.
Methods
Four groups of male rats, all of them littermates, were stud-
ied, isolated after weaning, and raised in our hospital animal
quarters. At the time of the study, the rats weighed 225 to 250
g. With the exception of detailed procedures described below,
the surgical preparation of the animals, the micropuncture
techniques, and the analytic methods used in these experi-
ments have been published previously [21—241.
Group 1. Cross-circulation, donor rat plasma expanded
Seven pairs of rats were anesthetized and placed on a heated
animal table. Two lengths of silastic tubing were threaded
through a double head on a rotor pump (Masterfiex, Model WZ
1R057, Cole Parmer, Chicago, Illinois). Short lengths of PE 50
tubing were connected with glue to the ends of the silastic tub-
ing for insertion into blood vessels. Both silastic tubes were
filled with plasma (0.9 ml) to which 25 U heparin had been
added, and the plasma cycled to heparinize the tubing thor-
oughly. In addition, a small amount of heparin was injected
into the end of each PE tip before insertion into a blood ves-
sel. One tube was inserted into a carotid artery of the donor
rat and a jugular vein of the recipient (micropuncture) rat. The
other tube passed from a carotid artery of the recipient rat to a
jugular vein of the donor. Flow of blood between the two rats
was equal and determined by the speed of the rotor. Prelimi-
nary tests of bidirectional flow in vitro demonstrated equal
rates over a wide range of flows, provided that hydrostatic
pressures of the two inflow sources were within 10 mm Hg of
each other. When a difference in pressure of 10 mm Hg was
established, flow was 0.3 mI/hr greater from the high pressure
side, at a cross circulation rate of 70 ml/hr. Therefore, in all
animal experiments, blood pressure (BP) was monitored con-
tinuously via femoral artery cannulae in both rats, and experi-
ments were accepted only if BP of the cross-circulated pair dif-
fered by less than 10 mm Hg. No hemolysis of blood was ob-
served in either in vitro preliminary tests or in the rat experi-
ments. Serum K was within normal limits at the end of each
experiment.
The kidney of the recipient rat was surgically exposed for mi-
cropuncture, as previously described [21—241. The urinary
bladders of both rats were exposed and catheterized for urine
collections. The same jugular veins used for cross-circulation
were catheterized with PE 50 tubing for intravenous infusion
of Ringer's lactate at 0.05 ml/min in each animal. A priming
dose of 35 sCi 14C-inulin was given to each rat and a sustain-
ing dose of 35 Ci/hr (New England Nuclear Corp., Boston,
Massachusetts). After the surgical preparation had been com-
pleted, the cross-circulation pump was started and set to ex-
change blood at 70 ml/hr. Thirty to 45 mm later, control mi-
cropuncture samples of tubular fluid were collected from end
proximal convolutions, and efferent arteriolar blood was col-
lected from the recipient rats by methods previously described
[2 1—24]. Volumes of tubular fluid counted for radioactivity
ranged from 50 to 100 nl, depending on volume flow at the end
of the proximal tubule. Larger volumes, 200 to 300 nl of arte-
rial plasma, were counted for radioactivity. The collections
frcim effrent arterioles were made as close as nossible to the
tubules from which fluid was collected, and an attempt was
made to alternate between tubular fluid and efferent blood col-
lections. Hydraulic pressure was measured in second-order
branches of efferent arterioles with a servo-nulling device
(W. P. Instruments, New Haven, Connecticut) using mi-
cropipets with 2 to 3 tm tip diameters, filled with 2 M NaC1.
Although hydraulic pressure drops significantly from efferent
arteriole to the smallest capillaries, the pressure in second-or-
der branches of efferent arterioles is approximately the mean
of the two extremes [251. After three or four tubular fluid col-
lections, rat plasma (obtained from an unrelated animal) was
infused into the donor rat in a volume equal to 2.5% of body
weight over 15 mm. Thus, the blood volume of the donor rat
was expanded, but that of the recipient rat was kept constant
by the circulation pump. Thirty minutes later, repeat tubular
fluid (fresh tubules), efferent blood, capillary hydraulic pres-
sure measurements, and urine samples were collected from the
recipient rat over a 30 to 45 mm period. Urine samples were
collected from the donor rat during the second (experimental)
period only.
Arterial blood was collected periodically from both rats for
measurement of hematocrit and 14C-inulin. Renal vein blood
was also collected with a 27-gauge needle from the recipient rat
at the end of each period for '4C-inulin measurement. Arterial
plasma protein concentration and efferent arteriole plasma pro-
tein was measured by a micro-adaptation of the method of
Lowry et al [26]. Urine sodium concentration was measured by
a flame photometer.
Group 2. Cross-circulation, donor rat Ringer expanded
Eight littermate pairs of male rats were prepared surgically
as described above. With the cross-circulation pump exchang-
ing blood at 70 ml/hr, control urine and micropuncture meas-
urements were made in the recipient rat as described above.
After this control period, Ringer's lactate solution was admin-
istered to the donor rat in a priming dose equal to 6% of body
wt and a sustaining volume of 10 ml/hr throughout the remain-
der of the experiment. After a 30-mm equilibration period, re-
peat urine collections were obtained from both rats and mi-
cropuncture measurements were repeated in the recipient rat
within 30 to 45 mm. Arterial hematocrit, '4C-inulin, and pro-
tein were measured periodically in both rats and renal vein 4C-
inulin in the recipient rat.
Group 3. Cross-circulation, recipient rat Ringer expanded
Eight littermate pairs of rats were prepared for cross-circu-
lation as in the preceding two groups. The protocol followed
was the same as in group 2 except that the Ringer-expanded
mate of the cross-circulated pair was the experimental animal.
Control micropuncture and urine samples were collected dur-
ing hydropenia as in group 1, with cross-circulation of blood set
at 70 mI/hr. After this control period, the experimental rat was
expanded with Ringer's lactate solution (priming dose 6% of
body wt, continuous infusion 10 ml/hr). Repeat samples of
urine were collected from both rats, and micropuncture sam-
ples from end-proximal tubules and efferent arterioles of the
expanded rat were also collected. Hydraulic pressure was mea-
sured in second-order branches of efferent arterioles. Periodic
arterial blood samples were collected from both rats for mea-
SNGFR = TF/P1 x VTF
APR = SNGFR - VTF
Renal plasma flow was calculated from the expression:
(U1 - RV1)VRPF = _________
A1 - RV1
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surement of hematocrit, 14C-inulin, and protein concentration. where CA and CEA are the peripheral arterial and efferent ar-
Renal vein 14C-inulin was also measured in the recipient rat. teriolar protein concentrations.
Single nephron efferent plasma flow (QEA) was calculated
Group 4. Plasmapheresis from the equation:
SNGFRIn eight experiments, one of a pair of littermate rats was QEA = _______ — SNGFR (6)prepared surgically for micropuncture and renal clearance SNFF
measurements. The animal was not connected to the cross- The oncotic pressure (ir) of arterial plasma and efferent arteri-
circulation apparatus. A slow intravenous infusion of Ringer's olar blood was calculated from the protein concentration by the
lactate was given at 0.05 ml/min throughout the experiment, empiric formula:During a control period, micropuncture measurements were
— 1.63C + 0.249C2 (25) (7)made as in group 1, and a urine sample was collected from the '
bladder. The other rat of the littermate pair was anesthetized Mean peritubular capillary protein concentration was calcu-
and 8 to 15 ml blood was withdrawn from the abdominal aorta, lated from the protein concentration in efferent arteriolar blood
centrifuged, and the plasma was removed. Modified Ringer's and protein concentration at the end of proximal convoluted tu-
solution [3] was then added to the RBCs in an amount calcu- bules. End-proximal protein concentration was calculatedlated to achieve the same hematocrit measured in the mi- using the method of Ott [291:
cropuncture rat. Blood was next withdrawn slowly from the ca-
rotid artery of the micropuncture rat while an equal volume of End prox protein =
ProtEA(
QEA \ (8)RBCs, suspended in the modified Ringer's and prepared from QEA + APR)
the littermate, was simultaneously injected into a jugular vein. This formulation ignores the relatively small dilutional effect on
This plasmapheresis was carried out over a period of approxi- capillary protein concentration due to reabsorbate from sur-
mately 10 to 15 mm. An additional 30 mm was then allowed for face distal convoluted tubules. The mean peritubular protein
equilibration. Repeat urine and micropuncture measurements concentration was converted to mean peritubule oncotic pres-
were made in the plasmapheresed rat. Arterial hematocrit, pro- sure (), using Eq. 7.
tein, and 14C-inulin were measured throughout the experiment, Statistical analysis was by paired t test for comparison of
and BP was recorded continuously. Renal vein samples were control versus experimental data in individual animals, after
obtained for the measurement of '4C-inulin.
calculating a single average for control and experimental pe-
In eight additional experiments, two of each of the four pro- nods in each animal. A P value of less than 0.05 was consid-
tocols, interstitial pressure was measured with a pressure mi-
ered significant. Comparisons between experimental periods of
cropipet inserted under the renal capsule, using the method of groups 2 to 4 with group 1 were made by the unpaired
Mertz et al [27]. Three to five measurements were made with Student's t test. A P value of less than 0.01 was considered sta-
the servo-null pressure device, and values were averaged for tistically significant for these comparisons.
each animal.
The method for measurement of '4C-inulin in tubular fluid, Results
plasma, and urine has been described previously [21—24]. The Whole kidney clearance and urinary excretion data for the
percent of reabsorption of proximal fluid was calculated from four groups of rats are shown in Table I and selected blood
the expressions: data in Table 2. Cross-circulation at 70 ml/hr had no observ-
Percent reab = (1 — PITP1) x ioo (1) able adverse effect on either animal. GFR and RPF in the re-
cipient rats were well-maintained throughout the duration of
where P/TF111 is the ratio of 14C-inulin in arterial plasmaltubular the experiments, and values during the control period (C) were
fluid. Single nephron glomerular filtration rate (SNGFR) was comparable to those found during micropuncture experiments
calculated from the expression: on single rats [21—241. Urinary Na excretion during the con-
(2) trol period was approximately 0.2 to 0.3 jiEq/min.
where VTF is the flow rate of collected tubular fluid in nano- Group 1
liters per minute. Absolute proximal reabsorption (APR) was After a control (C) hydropenic cross-circulation period, the
calculated from the expression: donor rat was expanded with rat plasma during the second pe-
(3) nod (E). Hematocrit fell equally in both rats due to plasma ad-
ministration to the donor (Table 2). Serum protein concentra-
tion and BP were unchanged from the control period. As
shown in Table 1, there was no significant change in GFR or
(4) RPF in the euvolemic recipient rat. Urine flow (V) increased
slightly but there was no change in UNaV. In comparison to the
recipient rat, sodium excretion in the expanded donor was ap-
where U111, RV1, and A111 are the '4C-inulin concentrations in proximately 25-fold higher, which was associated with a higher
urine, renal vein and arterial blood, and V is the urine flow in GFRthan in the euvolemic recipient (P < 0.01).
ml/min [281. Single nephron filtration fraction (SNFF) was cal- The results of micropuncture study in the euvolemic recipi-
culated from the expression:
ent rats are summarized in Tables 3 and 4. During the control
SNFF = 1 — (CA/CEA) (5) cross-circulation period, SNGFR, SNFF, QEA, percent and ab-
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Table 1. Whole kidney clearance in cross-circulated or plasmapheresed littermate rats
GFR,
C
mi/mm
E
RPF,
C
mi/mm
E C
v, ,.d/min
E
UNaV,
C
,eqImin
E
Group 1
Recipient (euvolemic) 2.61 2.58 11.0 10.2 5.7 6.9" 0.28 0.26
Donor (plasma-expanded) 3.4& 71.2 6.8
N = 7 17.8
2
Recipient (euvolemic) 2.62 3.l0' 10.5 12.3c 3.7 73b 0.22 Ø•43b
Donor (saline-expanded) 5.00 l72c 24.9c
N = 8
3
Recipient (saline-expanded) 2.40 3.40" 10.8 19.2"' 3.5 l41 0.20 13.9c
Donor (euvolemic) 2.50 5.2 0.24
N = 8
Group 4aplasmapheresjs
Recipient (euvolemic) 2.75 2.64 10.7 6.6 4.0 4.5 0.31 0.38
N = 8 ±0.17 ±0.11 ±0.6 ±0.6 ±0.4 ±0.4 ±0.08 ±0.08
Abbreviations: C, control hydropenic period; E, experimental period; N, number of experiments.
a Group 4 rats were not cross-circulated, but were plasmapheresed using RBC's from a littermate.
b P < 0.05 C versus E.
P < 0.01 compared with group 1
solute proximal reabsorption were indistinguishable from val-
ues previously observed in single rats during hydropenia [19,
21, 23, 24]. When the donor rats were expanded with plasma,
no significant change in SNGFR, percent, or absolute proxi-
mal reabsorption occurred in the euvolemic partner. However,
SNFF fell significantly from 37 to 31% and QEA rose from 52
to 70 nllmin. As shown in Table 4, associated with the fall in
SNFF, ii fell by 4 mm Hg. There was also a significant rise in
P from 13.1 to 16.2 mm Hg. Thus, the intracapillary driving
force for fluid uptake fell by approximately 7 mm Hg.
Group 2
In these experiments, the donor rats were expanded with
Ringer's solution after the initial control period. As shown in
Table 1, after ECF volume expansion, GFR in the donor rat
was higher than in the euvolemic recipient, and the donor ani-
mals underwent a large diuresis and natriuresis. Serum protein
concentration and hematocrit fell equally in both rats of each
pair (Table 2). In the recipient euvolemic rats, UNaV increased
only from 0.22 to 0.43 Eq/min (Table 1). As shown in Table
3, there were no significant changes in SNGFR or APR in the
euvolemic recipient during expansion of the donor rat, but be-
cause of small opposite directional changes in both of these,
percent reabsorption fell by 5% (P < 0.05). SNFF fell signifi-
cantly, and QEA rose from 53 to 75 nI/mm. As shown in Table
4, ii fell by 6 mm Hg, related to both the fall in serum protein
concentration and SNFF. There was a rise in Pc of 3.1 mm Hg.
Thus, the intracapillary driving force for fluid uptake fell by 9
mm Hg.
Group 3
In these cross-circulation experiments, the protocol was the
same as in group 2 except that the micropuncture observations
were made in the Ringer-expanded partner of the cross-circu-
lated pair rather than the euvolemic partner. As shown in Ta-
ble I, GFR and RPF rose markedly in the micropuncture rat,
and these animals were natriuretic. The euvolemic mate, on the
other hand, excreted only 0.24 Eq/min sodium. Serum pro-
tein and hematocrit fell significantly to values comparable with
the group 2 rats (Table 2). SNGFR and QEA in the expanded
rats rose markedly (Table 3) and percent reabsorption in the
proximal tubule fell. The values for SNGFR, SNFF, and QEA
in these animals are closely comparable to those reported by
others for saline-expanded conditions [15, 19]. SNFF was not
altered under these experimental conditions, in contrast to
groups 1 and 2, as QEA and SNGFR increased in proportion to
one another. As shown in Table 4, i fell from 29.0 to 20.6 mm
Hg, and P rose by 5 mm Hg. APR was not significantly de-
creased after 6% body wt Ringer expansion (Table 3), a find-
ing that agrees with Blantz and Tucker [151. The intracapillary
driving force for fluid uptake fell by 13.4 mm Hg.
Group 4
Following plasmapheresis of the experimental rat, using
washed RBC obtained from a littermate, there was no change
in GFR, but RPF fell significantly (Table 1). Weinman,
Kashgarian, and Hayslett [13] observed a similar decrease in
RPF and a rise in filtration fraction in plasmapheresed rats, pre-
sumably due to some contraction of intravascular volume sec-
ondary to the fall in serum proteins. Serum protein fell from 5.6
to 3.8 g/dl. However, BP and hematocrit remained relatively
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Table 2. Blood measurements in cross-circulated or plasmapheresed
littermate rats
Prot
C
A,g/dl
E
BP,m
C
mHg
E
Hc
C
t,%
E
Group 1
Recipient
(euvolemic) 6.3 6.2 118 118 45 40b
Donor (plasma-
expanded) 6.1 117 40
N = 7
Group 2
Recipient
(euvolemic) 5.6 5Øb,c 122 124 45 42b
Donor (saline-
expanded) 4.9 128 42
N = 8
Group 3
Recipient (saline-
expanded) 5.7 47b,c 125 122 48 42b
Donor (euvolemic) 4.7 120 42
N = 8
Group 4
Recipient
(euvolemic) 5.6 3.8b.c 126 120 48 48aN = 8
Abbreviations are the same as in Table 1.
a Group 4 rats were not cross-circulated, but were plasmapheresed
using RBC's from a littermate.
b P < 0.05 C versus E.
P < 0.01 compared with group 1.
constant (Table 2). UNaV was unaffected by plasmapheresis
(Table 1). The mean SNGFR after plasmapheresis (Table 3)
was not statistically different from that during the preceding
control period, whereas SNFF rose from 37 to 43% (P < 0.05)
and QEA fell significantly from 53 to 46 nI/mm. As shown in Ta-
ble 4, i fell markedly after plasmapheresis, and P also fell by
3 mm Hg. Percent proximal fluid reabsorption fell by 8% due
to small but opposite changes in SNGFR and APR in indi-
vidual nephrons (Table 3). The mean APR was lower after
plasmapheresis, but the change was not statistically signifi-
cant. However, volume flow out of the proximal tubule (VTF)
was significantly higher (14 vs. 11.2 nllmin).
Mean data for ii versus UNaV for all four groups are plot-
ted in Figure 1. It is evident that there was no correlation be-
tween and UNaY. Thus, in the three euvolemic groups, ii
ranged from 16.8 to 28.2 mm Hg, whereas UNaV in these ani-
mals was not significantly different. The algebraic sum of in-
tracapillary forces influencing capillary fluid uptake, ii —
versus UNaV is plotted in Figure 2. Large decreases in —
P in groups 2 and 3 were not associated with a natriuresis,
whereas in group 3, ii — P was closely comparable to that in
group 2 and yet there was a large natriuresis. Thus, in the euvo-
lemic animals, there was no correlation between ii — P and
UNaV. The data relating APR and 7i. are plotted in Figure 3,
and those relating APR and — P are shown in Figure 4. It
is evident that APR was not changed significantly by any of the
experimental maneuvers, and there was no correlation be-
tween either ii or — P and APR.
The results of subcapsular hydraulic pressure measurements
in a separate group of eight rats, prepared by the same four
protocols, are presented in Table 5. In the euvolemic recipi-
ents of groups 1 and 2, P, was approximately 3 mm Hg, a value
that agrees with that reported by Mertz et al [27] in nonvol-
ume-expanded rats. In the plasmapheresed rats (group 4) there
was a small but significant decrease in P1 to 2.1 mm Hg (P <
0.05). The saline-expanded rats of group 3 had a significant rise
in P, to 10 mm Hg, which agrees with measurements taken in
the dog by Marchand [30].
Discussion
The present experiments were designed to determine
whether any correlation exists between peritubular intracapil-
lary pressures in the renal cortex and UNaV and APR in the
euvolemic state. To alter peritubular capillary pressures with-
out causing ECF volume expansion, we carried out cross-cir-
culation experiments in rats in which one member of each pair
was volume-expanded while the partner remained euvolemic.
In groups 1 and 2, one mate was expanded with either plasma
or Ringer's solution (6% body wt) and micropuncture measure-
ments were made in the euvolemic partner. We found that in
group 1, a significant increase in QEA and a fall in SNFF oc-
curred in the euvolemic rat, without any change in SNGFR.
The cause of these changes is uncertain, but may have been
due to the decrease in blood viscosity which would be ex-
pected from the fall in hematocrit following plasma expansion
of the donor rat. Accompanying these changes was a fall in ii1,
and a rise in P. However, despite the 7 mm Hg decrease in
the intracapillary forces for fluid uptake, there was no increase
in UNaV or any change in APR. Similarly in group 2, in which
the donor rat was expanded with Ringer's solution, there oc-
curred a rise in QEA and a fall in SNFF in the euvolemic part-
ner. ii. fell by 6 mm Hg and P rose 3 mm Hg, resulting in a 9
mm Hg fall in the intracapillary force for fluid uptake. Again,
despite these intracapillary force changes in the renal cortex,
there was no change in APR or UNaV. In group 4, plasmapher-
esis resulted in a marked decrease in from 26 to 16.8 mm
Hg, without any increase in UNaV. Thus, in three different
groups of euvolemic experimental rats, large decreases in ii
and increases in P were induced, and QEA either rose or fell
but UNaV and APR remained constant. As shown in Tables I
and 3, GFR and SNGFR remained unchanged or increased in
these three groups of animals and therefore the failure of a na-
triuresis to occur cannot be attributed to a fall in the filtered
load of sodium. As shown in Figures 3 and 4, APR also did not
change significantly in any of the three euvolemic groups de-
spite the large decreases in ii and ii — P which were in-
duced by the different experimental protocols. We conclude
therefore that in the euvolemic state, intracapillary physical
forces in the cortical peritubular capillaries do not in them-
selves correlate with either UNaV or APR.
Knox et al [31] recently reviewed the key experimental evi-
dence regarding the relationship between peritubular physical
forces and urinary sodium excretion. They point out that renal
vasodilatation with various drugs in euvolemic animals in-
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Table 3. Micropuncture measurements and calculations in the recipient of cross-circulated or plasmapheresed littermate ratsa
SNGFR, QuA, APR,
ni/mm SNFF, % ni/mm TF/P1 VTF, ni/mm % Reab ni/mm
C E C E C E C E C E C E C E
Group 1 32.7 33.9 37 31" 52 70" 2.85 2.62" 11.4 12.6" 64.0 61.8 20.9 21.1
Donor plasma-expanded 0.9 0.7 1 1 2 2 0.10 0.08 0.4 0.3 1.0 0.6 0.8 0.5N= 7
Group 2 33.7 34.2 38 30" 53 75b 3.10 2.59" 11.0 13.6" 66.8 61.2" 21.5 20.9
Donor saline-expanded 0.7 1.1 1 1 1 3 0.10 0.10 0.4 0.5 1.3 1.1 0.7 0.8N= 8
Group 3 31.9 43.0 38 37 53 78b 2.94 1.75"' 11.0 25.Obc 64.9 44.Ob,c 20.7 18.9
Recipient saline-expanded 1.2 2.1 2 2 2 4 0.20 0.10 0.5 1.2 1.7 2.0 1.2 1.5N= 8
Group 4 32.9 33.1 37 43c 53 46b 2.98 2.45" 11.2 14.0" 66.0 57.8" 21.8 19.1
Plasmapheresis 0.9 1.1 2 1 2 1 0.10 0.10 0.4 0.6 0.7 1.0 0.6 0.7N= 8
Abbreviations: SNGFR, single nephron glomerular filtration rate; SNFF, single nephron filtration fraction; QuAy capillary flow rate; TF/P1, the
ratio of '4C-inulin in tubular fluid/arterial plasma; VTF, flow rate of collected tubular fluid in nanoliters per minute; Reab, percent of reabsorption of
proximal fluid; APR, absolute proximal reabsorption.
a In groups 1, 2, and 4, the micropuncture rats were maintained in a euvolemic state; in group 3, the micropunctured rat was saline-expanded.
Data are expressed as mean SEM.
b P < 0.05 C versus E.
P < 0.01 compared with group 1.
Table 4. Capillary oncotic and hydraulic pressures in the recipient of
cross-circulated or plasmapheresed littermates
EA,
C
mm Hg
E
,
C
mm Hg
E
Pc,
C
mm Hg
E
Group 1 40.2 32.1" 32.2 28.2" 13.1 16.2"
Donor plasma-
expanded 1.6 1.0 1.8 1.5 0.3 0.5N= 7
Group 2 36.7 26.2c 26.2 20.2b,c 12.0 15.1",'
Donor saline-
expanded 1.0 0.4 1.7 1.3 0.4 0.6N= 8
Group 3 40.4 28.6"' 29.0 20.6,c 11.2 16.3b
Recipient saline-
expanded 0.7 0.7 2.0 1.6 0.3 0.5N= 8
Group 4 37.3 23.9,' 26.3 l6.8 12.1 9.1c
Plasmapheresis 1.1 0.6 1.5 0.9 0.4 0.3N=8
Abbreviations: ITEA, oncotic pressure of efferent arteriolar blood; ,
mean peritubular oncotic pressure; P,, capillary hydraulic pressure.
a In groups 1, 2, and 4, the micropuncture rat was euvolemic; in
group 3, the micropunctured rat was saline-expanded. Data are ex-
pressed as mean SEM.
b P < 0.05 C versus E.
P < 0.01 compared with group 1.
creases renal blood flow and capillary hydrostatic pressure and
decreases capillary oncotic pressure without causing a natriur-
esis. Thus, our observations in euvolemic rats agree with these
previous pharmacologic studies. Knox et al 311 suggest that
renal interstitial pressure may be the crucial factor linking re-
nal hemodynamic changes to sodium excretion. That is, a rise
in interstitial pressure may be necessary for a natriuresis to oc-
cur. Our measurements of P1 obtained with a subcapsular pres-
sure pipet, are consistent with this view, since P, rose signifi-
Fig. 1. Urinary sodium excretion versus mean peritubular capillary on-
cotic pressure (f,). The control data are from period 1 (hydropenia) of
all four groups. The data for groups 2 to 4 are from period 2.
cantly only in the group 3 natriuretic animals. However, it is
clear that the rise in P, in this group was not associated with a
significant fall in APR. Therefore, if a rise in P1 is causally re-
lated to natriuresis, the effect seems to be on more distal seg-
ments of the nephron and/or on deep nephrons.
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Group! 2 3 4
Mean 2.9 (8) 3.0 (7) 10.2 (8)b 2.1 (8)b
SEM 0.3 0.2 1.1 0.3
mm Hg
Fig. 2. Urinary sodium excretion versus net intracapillary pressure (
— Pa).
The present experiments were not designed specifically to
elucidate the mechanism(s) of the natriuresis which occurs in
volume-expanded animals, but several observations made in
groups 2 and 3 deserve comment. The protocol of Ringer
expansion in these two groups was identical, except that in
group 2 the euvolemic rats were studied whereas in group 3,
the expanded rats were studied. As shown in Tables 3 and 4,
QEA, , and P, were closely comparable in the expanded and
euvolemic animals. Moreover, there was no difference in APR.
In several previous studies of the effect of ECV expansion on
APR [15, 32, 331, it was found that APR can remain unaltered,
although a large natriuresis is occurring. Apparently, it is only
with saline expansion amounting to 10% or more of body wt,
that there is a decrease in APR [33—361, and under these cir-
cumstances the decrease most likely contributes to the natri-
uresis. However, our observations as well as those of others
[15, 32, 33] indicate that a decrease in APR is not obligatory
for the natriuresis accompanying moderate saline expansion,
that is, less than 10% body wt. Thus, the data indicate that the
natriuresis of moderate saline expansion can be dissociated not
only from intracapillary forces in the renal cortex but from de-
creases in APR as well. It is possible that a large increase in
interstitial pressure is necessary for saline expansion to cause
20- -
I I I I I I I
2 4 6 8 10 12 14 16
— Pmm Hg
Fig. 4. Absolute proximal reabsorption versus net intracapillary pres-
sure. Symbols are: I, control periods; X, group 1; 0, group 2; A,
group 3; 0, group 4.
a natriuresis, as suggested by Marchand [301. However, as
noted above, interstitial pressure must effect urinary sodium
excretion by a mechanism acting beyond the proximal convo-
luted tubule or on the deep nephrons, since reabsorption in the
surface proximal convoluted tubules was not different in the
volume-expanded versus the euvolemic animals.
Another important difference between the saline-expanded
natriuretic rats of group 3 and the euvolemic rats of the other
three groups was the elevated GFR and SNGFR in the former.
The higher SNGFR, together with an unaltered APR, resulted
in much higher delivery of fluid out of the proximal tubule
(VTF) (Table 3). This might have contributed to the natriuresis.
However, it has been clearly shown that large increases in fil-
tration rate per se produced acutely by several experimental
maneuvers other than volume expansion do not result in a na-
triuresis [37]. Moreover, when albumin infusion is super-
imposed on saline expansion, natriuresis occurs without an in-
creased delivery of fluid from the end of the proximal tubule
[38]. Therefore, it is uncertain that either the higher SNGFR
or VTF was critical for the natriuresis of the group 3 rats. The
higher RPF in the volume-expanded rats of group 3 may have
Table 5. Subcapsular pressure (P,) in the recipient of cross-circulated
and plasmapheresed littermates (mm Hg)a
a The number in parentheses is the number of measurements.
b P < 0.05 versus group 1.
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Fig. 3. Absolute proximal reabsorption (APR) versus mean peritubular
oncotic pressure. Symbols are: •, control periods; 0, group 2; A,
group 3; 0, group 4.
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played a role in the natriuresis via an increase in medullary
blood flow. It has been postulated that high medullary blood
flow causes a decrease in sodium reabsorption in the loop of
Henle by reducing medullary interstitial hypertonicity, which
might lead to natriuresis [391. Although our experiments do not
elucidate the mechanism of saline-expansion diuresis, they do
demonstrate that changes in intracapillary physical forces and
APR do not bear a close relationship with urinary sodium
excretion.
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